The influence of rheological behavior on the natural convection in a dielectric nanofluid with vertical AC electric field is investigated. The rheology of the nanofluid is described by Maxwell model for calculating the shear stresses from the velocity gradients. The employed model introduces the combined effects of movement of the molecules of the fluid striking the nanoparticles, thermophoresis and electrophoresis due to embedded nanoparticles. The exact solutions of the eigen model value problem for stress-free bounding surfaces are obtained analytically using one term Galerkin method to find the thermal Rayleigh number for onset of both non-oscillatory (stationary) and oscillatory motions. It is found that the oscillatory modes are possible for both bottom and top-heavy distributions of nanoparticles. It is observed that the value of critical Rayleigh number is decreased by a substantial amount with the increase in electric field intensity, whereas role of viscoelasticity (time relaxation parameter) is to hasten the occurence of oscillatory modes appreciably. The thermal Prandtl number is found to delay the occurence of oscillatory modes. These results are also shown graphically.
INTRODUCTION
The nanotechnology has attracted many young researchers and scientists due to its unlimited growth in the modern era. Nanofluids are engineered by suspending nanoparticles in the range of 1 to 100 nm, which are first utilized by Choi (1995) in traditional heat transfer fluids such as water, biofluids, polymer solution, oil and ethylene glycol. Nanofluids are used for a wide range of applications in chemical, biological, medical, electronics engineering and in many industrial sectors due to their enhanced characteristic in thermal conductivity. Buongiorno (2006) formulated a model in which two factors Brownian motion and thermophoresis effects are incorporated, and was used by various authors or researchers to study the thermal convection in a nanofluid layer by applying various factors in saturated porous and non-porous medium. Using this model, many researchers have investigated the criteria for the onset of thermal convection. Many researchers [Kolodner (1998) , Xuan and Li (2003) , Jang and Choi (2004) , Tzou (2008) , Das and Choi (2009) , Nield and Kuznetsov (2010) , Bhadauria and Agarwal (2011), Yadav, et al. (2013) ] have investigated the onset of convection under various parameters so as to study the stability of the research problems and they have found that regular fluids due to the enhancement in the thermal conductivity exhibit higher stability than nanofluids. In all the above studies, the nanofluids are assumed to be Newtonian and it has been observed that much research work has been done on the viscous nanofluids; whereas a little research work is available to investigate and study the stability criterion of rheological (non-Newtonian) nanofluids. This is due to the complexity of the rheological non-linear terms in the Navier-Stoke's equations of motion, which are not solved easily. The other reason is that the rheological fluids are not known yet in the universe. Since there is a competition within the process of thermal convection and that of rheology (viscoelasticity) due to which convection sets in through oscillatory modes rather than stationary modes. Silver 191 and Fe3O4 192 nanoparticles have been found in bacteria. The first viscoelastic rate type model used worldwide is proposed by Maxwell (1866) having a great storage of energy. A rheological model proposed by oldroyd was used by Malashetty et al. (2009 a, b) to study double diffusive instability in a viscoelastic fluid saturating a porous medium. A linear as well as the weak nonlinear stability problem was analysed by Umavathi et al. (2016) to study the convective transport saturating a porous medium layer in a Maxwellian nanofluid. They have presented a linear stability analysis to investigate the onset of convective transport in a rheological model described by Maxwell and saturated by porous nanofluid layer and found that stability increases with increase in Lewis number, viscosity ratio and conductivity ratio where as it decreases with increase in the nanoparticle concentration Rayleigh number and relaxation parameter. They have further analyzed the weak nonlinear stability by using truncated Fourier series and showed that heat and mass transfer increases with increase in relaxation parameter. Recently, Sharma et al. (2017) have derived the expression for thermal Rayleigh number for stationary modes using Galerkin-weighted residual method and found that electric fields and the modified diffusivity ratio do not have any significant role on the onset of stationary convection. They also showed that Lewis number and modified particle density increment, concentration Rayleigh number destabilize or stabilize the system under certain wave number bands.
Electro-hydrodynamics (EHD) is the mechanics which deals with the motion of flow in fluids due to externally applied electric field and generates an instability phenomenon in nanochannels. Electrohydrodynamics enhances heat transfer, microjump fabrication, electrospray mass spectrometry, electrospray nanotechnology, micro-electromechanical system and it increases the efficiency of heat transfer, which provides a new idea to the industry. The applied electric force of fluid motions is a very effective method in getting very helpful interesting results in the cooling of laptops and devices of the flight in space separately, usage to a variety of applications ranging from electrokinetic assays to electrospray ionization, made on nanoscale being used at a large scale in the present era. In dielectric liquids characterized by low values of conductivity, Maxwell equations reduce to the electroquasistatic limit. According to the theory of Landau, electric (body) force acting on dielectric liquids mainly contains Coulomb force, dielectric force and electrostrictive force.
Then a dielectric (homogeneous) viscoelastic nanofluid is heated from below so as to maintain an adverse temperature gradient due to which a gradient in the electric conductivity, σ1 and dielectrical permittivity, ϵ are produced. Then charge in the fluid is induced in the presence of an applied DC electric field and the electric relaxation time (the built free charge). When a dielectric constant is applied, the accumulated charge in the fluid and the free charge thus built varies exponentially in time with a electric relaxation time constant ⁄ . However, the free charge is not accumulated by applying an alternating current electric field with a frequency quiet higher than the ⁄ due to the quick enhancement in the movement of the charge. Due to this it is difficult to observe any effective contribution in the temperature field due to low dielectric loss. At this stage, the mobility of the charge, varies the body force so rapidly that its effective value instead of mean value to determine motions of the fluid, is taken rather than that of fluids with extreme low viscosity. Thus the case of alternating current electric field is dominated and well manageable field on the onset of thermal convection in a layer of dielectric fluid. Nield and Kuznetsov (2010) have analysed linear stability for the onset of natural convection in a horizontal nanofluid layer. They have found that oscillatory modes are possible for the bottom heavy distribution of the nanoparticles. Further they have established that this is due to the conservation of nanoparticles coupled with the buoyancy force. Shivkumara et al. (2011) have investigated stability / instability of electrothermoconvection in porous / non-porous medium including various parameters for a) both stress free boundaries, b) both rigid boundaries, c) lower rigid and upper free boundaries. They have observed that the necessary conditions are independent of the applied electric field for the existence of oscillatory modes and for small Taylor number domain. The stress free boundaries are always unstable than that of other set of boundaries. This research work was reviewed extensively by Nield and Bejan (2013) . Rana et al. (2013) have investigated steady laminar flow mixed with convection and heat transfer characteristics of Al2O3 numerically using Galerkin Finite Element method with volume fraction of nanoparticles ranging upto 4% and they have presented excellent validations. Later on, steady two-dimensional and mixed convection boundary layer flow of a nanofluid over a semiinfinite vertical stretching sheet has been investigated numerically by Rana et al. (2014) using a Galerkin Finite Element Method (FEM). They have shown that heat transfer is effectively enhanced in nanofluids and the skin friction is reduced as compared to pure water. Recently, Kalbani et al. (2016) have studied the problem of unsteady natural convection nanofluid having various size of nanoparticles inside an inclined square enclosure to include magnetic field. The numerical results have been obtained by using Galerkin weighted residual Finite Element Method and they have observed that the time taken to reach the steady state is influenced by the different model parameters describing the physical system. Much research work has been carried on electrothermal instability including various physical properties of various viscous dielectric nanofluids, using different techniques. Therefore, an attempt has been made to examine theoretically and analytically the effect of rheology on the criterion for the onset of electrothermal convection in dielectric Maxwellian nanofluid layer, which is an extension of the research work by Nield and Kuznetsov (2010) 
PROBLEM FORMULATION
An infinitely extending electrically conducting layer of incompressible dielectric Maxwellian nanofluid heated from below is considered, pervaded by vertical gravity
and is confined between two parallel xy -planes at a distance of d in which temperatures at the lower and upper boundaries are assumed to be T0 and T1 respectively, ( > ) . In addition to this nanofluid layer is subjected to a uniform vertical alternating current. The lower surface in which a reference point in an electrical circuit is taken at the lower surface against which other potentials are measured with φ as root mean square value.
Fig. 1. Schematic diagram.
Following Buongiorno (2006) and Maxwell (1866) , the continuity and momentum equations governing the physical system for the incompressible Maxwellian nanofluid are:
where , ,ρ,p,T, , ,μ and λ v g E    denote velocity, gravitational acceleration, density, pressure, temperature, electric constant, electric field, viscosity and stress relaxation parameter (accounting for viscoelasticity), respectively and e f  is the electrical origin force which is given by (Landau and Lifshitz (1960) 
where ρ is the density of the charge. The term e  E  is the force produced due to a free charge after the name of Coulomb and the second term
depends on the gradient of . The bulk of the dielectric fluid remains uninfluenced with the electrical force e f  . Since the dielectric constant and the electrical conductivity  the built up free charge is prevented for a longtime due to the sufficient relaxation appeared in the presence of electric field in most dielectric fluids at standard powerline frequencies. Thus, dielectric loss produced at these frequencies becomes very low so as to make the temperature field unchanged at the same time. Therefore, the first term e  E  , is neglected as compared to the di-electrophoretic force
It is also assumed that the density, ρ and the dielectric constant, can be expressed as [Yadav et al. (2016) 
where α is the volume expansion coefficient and 0  e is the coefficient of the dielectric constant with temperature relative variations, which is assumed to be small. The modified pressure term using the equation
The free charge density is assumed to be very small. The Maxwell equations by (Roberts, 1969) are :
.
In view of Eq. (7), E  can be expressed as φ   E  where φ is the root mean square of the electric potential.
The conservation equations for the nanoparticles are
Here ϕ is the nanoparticle volumetric fraction, p ρ is the density of nanoparticles and j p is the nanoparticles diffusion mass flux
where B D (Brownian diffusion coefficient) and
where k is Boltzman's constant, μ is the base fluid viscosity, d is the diameter of the nanoparticle, f ρ is the base fluid density, k f and k p are the thermal conductivities of the base fluid and nanoparticles, respectively. Using the value of from Eq. (9) into Eq. (8), the conservation equations of nanoparticles become as
The heat energy equation for the nanofluid is
where is the specific heat of the material constituting the nanoparticles. Here both the bounding surfaces are assumed to be stress-free and the medium adjoining the nanofluid is a perfect conductor. The boundary conditions relevant to the problem are
PRIMARY FLOW
The primary flow representing the basic state is assumed to be quiescent (no settling of suspended nanoparticles) and is assumed to be stationary. Initially, no motions are present in the nanofluid flow and time-independent solutions of Eqs. (1), (2), (6), (7). (11) and (12) are taken. The temperature, nanoparticle volume fraction and pressure vary in the direction of vertical. Therefore, the solutions of the basic state satisfying Eqs. (1), (2), (6), (7), (11) and (12) are
where subscript b denotes the steady state,
, is the adverse temperature gradient,
, is the root mean square value of the intensity of electric field at 0
PERTURBATION EQUATIONS
Let the primary flow be slightly disturbed from the equilibrium position so as to examine the stability of the perturbed modes with respect to the involved physical variables by superimposing infinitesimal disturbances to the basic state flow. It is assumed that
, and φ    denote the perturbations superimposed into the physical quantities of the equilibrium state.
Using these perturbations and the solutions of primary flow (14), the Eqs. (2), (7), (11) and (12) 
2 0
where
is the electric Rayleigh number,
is the non-dimensional parameter accounting for stress-relaxation time. In deriving Eq.
(14) the identity 2 curlcurl graddiv   has been used.
NORMAL MODE TECHNIQUE
The partial differential Eqs. (15) - (18) are solved by using the normal mode technique by analyzing the disturbances into normal modes. The perturbed physical quantities are assumed to be of the form
where is the non-dimensional growth rate, which is generally complex in nature, and are the horizontal wave numbers, 
The set of differential Eqs. (20) - (23) with boundary conditions (24) constituite an eigen value problem for whose solutions ought to be obtained. The case of stress-free boundaries is little artificial, however it is useful to obtain an exact/analytical solution of the problem. Using single term Galerkin approximation method, exact solutions of the system of Eqs. (20) - (23) satisfying the boundary conditions (24) of lowest mode solutions of are:
where , Θ , Φ and are constants. Substituting solutions given by (25) into Eqs. (20) - (23), and integrating each equation by parts over the range of z (0 < < 1) and using Boundary conditions (24), the following matrix equation is obtained: 
6. RESULTS
Oscillatory Modes
Since for overstability, we wish to determine the critical Rayleigh number for the onset of instability via a state of pure oscillations of increasing amplitude by putting 0   σ iω in the Eq. (27) and after some algebraic simplifications, we have
where 
Since 0  ω for oscillatory modes, therefore, Eq. (28) implies that ∆ = 0 which on simplification yields a dispersion relation as
Then, Eq. (28) with 2 0   on simplification gives the thermal Rayleigh number for oscillatory modes as 
Stationary Modes
The stationary modes are characterized by putting 0  ω in Eq.
(27), which yields When the electric field is not considered, then (electric Rayleigh number) is zero. In the absence of the electric Rayleigh number accounting for electric field ( = 0), expression (33) reduces to
which is in good agreement with the value of thermal Rayleigh number given by Nield and Kuznetsov (2010) .
When the suspension of nanoparticles is not considered ( = 0, = 0), the above expression further reduces to
which is the earlier result by Chandrashekhar (1961).
To investigate the effects of the electric field , the nanofluid Lewis number , the modified diffusivity ratio and the concentration Rayleigh number , on the stability of stationary modes, the behavior of , , and have been examined analytically.
Equation (33) gives
which is negative implying thereby that thermal Rayleigh number decreases with increment in (electric Rayleigh number) .
Equation (33) 
Here a positive / negative NA, (modified diffusivity ratio), indicates that the density of nanoparticles is smaller / larger than that of the base fluid. An increase in positive/negative values of NA advances / reduces the thermophoresis to push the lighter / heavier nanoparticles upwards, which enhances the stabilizing effects of particle distributions. Therefore, due to the addition of nanoparticles, electric field and viscoelasticity in the regular fluid, additional parameters concentration Rayleigh number ( ) , modified diffusivity ratio ( ) , electric Rayleigh number (Re), Lewis number (Le) are introduced in the expression for the thermal Rayleigh number, which strongly affect the stationary convection of the nanofluid layer.
To validate the numerical results obtained to calculate the critical wave number and corresponding critical Rayleigh number to discuss the stability of the system, the computed results are obtained under the limiting case of nanoparticle and electric field in Eq. (35) i.e., = 0, = 0 (see Table 1 ).
Fig. 2. Variation of thermal Rayleigh number
(Ra) versus wave number (a). Chandrasekhar (1961) . Thus accuracy of the numerical method used is verified.
The expressions of thermal Rayleigh number for both stationary and oscillatory motions are presented in Eqs. (32) and (33), respectively. The variation of Rayleigh number with respect to wave-number has been plotted using Eq. (32) for oscillatory case and Eq. (33) for stationary case, whereas the experimental values and the fixed permissible values of the dimensionless parameters viz. to investigate the effects of stress-relaxation time parameter, modified diffusivity ratio, thermal Prandtl number, Lewis number, concentration Rayleigh number and electric Rayleigh number are
The stationary thermal Rayleigh number is found to be independent of viscoelastic parameter, since it vanishes with the vanishing of . Thus the viscoelastic (Maxwellian) nanofluid behaves like a regular (Newtonian) nanofluid. Nield and Kuznetsov (2010) has shown the possibility of oscillatory motions to set in only for the bottom heavy nanoparticle distributions. In the present work, the work has been extended to top-heavy distribution of the nanoparticles. Equation (31) is quite complicated to find the analytical roots and to obtain critical nondimensional wavenumbers so as to find critical thermal Rayleigh numbers for oscillatory motions, which only occur for positive values of growth rates . The variations of thermal Rayleigh number with respect to wavenumbers have been plotted graphically for these non-dimensional parameters for stationary cellular motion as well as for oscillatory motions. The calculation for thermofluid characteristics is based on the 10nm nanoparticles In Figs. 3a and 3b , the variation of thermal Rayleigh number Ra has been plotted versus wave number a for different values of electric Rayleigh number, Re i.e., Re= 0, 100, -100, 500, -500 for oscillatory and stationary motions, respectively (see Tables 2a and 2b ). It is clear from the graphs that the thermal Rayleigh number takes very large values in the range of 0 < ≤ 1 and there is no significant effect of electric Rayleigh number, Re on thermal Rayleigh number, Ra in this regime. For > 1, there is a decrease in thermal Rayleigh number with increase in electric Rayleigh number Re implying thereby the destabilizing effect of the viscoelastic nanofluid layer for stationary as well as oscillatory modes i.e., an increase in the destabilizing electrostatic energy to the system strengthens the less stable system due to higher electric field.
The variation in the thermal Rayleigh number Ra versus wave number a for various values of the stress-relaxation parameter, is illustrated in Fig. 4 for oscillatory motions. It is observed that the stress relaxation parameter destabilizes the oscillatory modes, since thermal Rayleigh number grow on decreasing with its varying values i.e., = 0, 0.2, 0.4, 0.6 thereby advancing the onset of oscillatory convection due to the rheological behavior of the nanofluid (see Table3) . Table 4 ).
Fig. 6. Variation of thermal Rayleigh number (Ra) versus wave number (a) for different values of concentration Rayleigh number (RN).
The thermal Rayleigh number against wave number for different values of concentration Rayleigh number i.e., RN = 0, 0.1, 0.01, -0.1, -0.01 is plotted in Fig. 6 . It is depicted that an increase in the concentration Rayleigh number RN tends to increase the thermal Rayleigh number Ra for oscillatory motions slightly; whereas an increase in concentration Rayleigh number RN tends to increase thermal Rayleigh number for stationary convection thereby stabilizing the physical system and the onset Table 5 ). Also at high thermophoretic diffusivity, thermophoresis initiates turbulence in viscoelastic nanofluids quickly and so it destabilizes the system.
In Figs. 7 and 8, the effect of various values of modified diffusivity ratio NA i.e., 0, 20, -20, 50, -50 and Lewis number Le i.e., 4000, 6000 (nondimensional parameter accounting for Brownian motion DB) on the cases of stationary and oscillatory modes have been displayed (see Tables 6 and 7 ). The graphs of both the figures clearly depict that the stability of the system is slightly affected due to the variations in both Lewis number and the modified diffusivity ratio.
It is also observed from all the graphs that stationary convection is the preferred manner of instability and the critical wavenumber remains same for the stationary convection (i.e., ac=2.47) and the oscillatory motions (i.e., ac=2.51) with respect to variations in various physical parameters.
CONCLUSIONS
The effect of rheological behaviour described by Maxwell model to investgate the thermal convection in an electrically conducting viscoelastic nanofluid to include an external vertical A.C electric field for stress free boundaries is studied. The characteristic value problem satisfying the appropriate boundary conditions was solved analytically using linear theory and perturbation technique followed by numerical computations. Using one term Galerkin method, an exact analytical solution is obtained and the results are encapsulated in Eq. (31) for the stationary convection and Eq. (29) for the oscillatory motion. It is established that the effect of electric field is to destabilize both stationary and oscillatory modes. The thermal Prandtl number, p1 Lewis number, Le and the stress relaxation parameter, have destabilizing effects thereby increasing the region of instability for both stationary and oscillatory modes. With an increase in the concentration Rayleigh number, oscillatory frequency remains uninfluenced, whereas increase in concentration Rayleigh number RN hasten the onset of convection, thereby stabilizing the system for the nanoparticle distribution from the top and as well as from the bottom in the base fluids. The onset of both stationary and oscillatory convection are found to be uninfluenced with the top and bottom-heavy distribution of nanoparticles. Rana, P. and R. Bhargava (2014 
